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摘  要
         
         
肺癌是目前世界上第一大癌症，每年有近140万人死于肺癌，其中非小细胞肺癌
（Non-small Cell Lung Cancer，NSCLC）占85%。研究表明激酶EML4-ALK是诱发产
生一类NSCLC的关键基因，目前美国FDA已批准克唑替尼（Crizotinib）和色瑞替尼
（Ceritinib）两个靶向EML4-ALK的抗非小细胞肺癌的激酶抑制剂药物，但随着获
得性耐药突变的出现大大限制了药物治疗效果。为解决现有ALK激酶药物的选择性
和耐药性问题，发展新颖的、高选择性的靶向ALK抗非小细胞肺癌药物具有十分重
要的意义。
本论文主要进行了以下方面的研究：
（1）基于激酶稳转的Ba/F3系细胞，建立了“靶向细胞毒”筛选方法。通过对新设
计、合成的激酶抑制剂导向小分子库（～300个）的筛选，我们获得了高活性、高
选择性的靶向ALK的激酶抑制剂（ZZJ-01-145），其对EML4-ALK和NPM-ALK稳转的
Ba/F3细胞生长抑制的IC50分别为11.68 nmol/L和221.3 nmol/L，生化水平对ALK激
酶活性抑制的IC50为1.5 nmol/L。ZZJ-01-145针对全激酶组（包含突变型在内的激
酶共468个）的选择性评价S(10) = 0.01，表明其具有优异的选择性。同时ZZJ-01-
145对Crizotinib引起的耐药突变型EML4-ALK（包括L1196M、C1156Y、F1174L、
R1275Q）也有较好的抑制效果。分子生物学实验表明，ZZJ-01-145在激酶EML4-
ALK及其突变型稳转的Ba/F3细胞中通过抑制ALK信号通路，引起细胞凋亡。
（2）在肿瘤细胞中，ZZJ-01-145也可有效抑制ALK信号通路从而抑制肿瘤细胞生长
，因此表现出对ALK阳性肿瘤细胞的敏感性，而对ALK阴性细胞不起作用，这也进一
步说明ZZJ-01-145针对ALK的靶向性。
（3）体内药效研究表明：在药物剂量40 mg/kg和50 mg/kg（1次/天）条件下ZZJ-
01-145能分别有效抑制EML4-ALK-Ba/F3和EML4-ALK L1196M-Ba/F3裸鼠移植瘤的生
长，肿瘤生长抑制率分别为107.36%和110.19%。同时，对EML4-ALK 阳性的非小细
胞肺癌H3122细胞的异种转移模型也有很好的抑制效果，肿瘤生长抑制率为
103.21%。组化和分子生物学实验证明，ZZJ-01-145在体内也是通过抑制ALK信号通
路，引起细胞凋亡来抑制肿瘤的生长。
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（4）ZZJ-01-145在H3122细胞中抑制ALK信号通路引起细胞凋亡的深入分子机制表
明主要是通过影响ALK下游的AKT和ERK1/2的磷酸化，但对STAT3的磷酸化水平并无
影响。抑制AKT和ERK1/2的活性从而激活Bcl-2家族中的促凋亡蛋白Bad与Bim。因此
，ZZJ-01-145主要是诱导了Bcl-2家族蛋白参与的线粒体介导的细胞凋亡。
综上，本论文发展了一个高活性、高选择的激酶ALK小分子抑制剂，不仅对野生型
EML4-ALK有效，同时在Crizotinib耐药的EML4-ALK突变型中也有较好的效果，并在
体内实验中表现出了显著的肿瘤生长抑制效果。该工作为发展新一代针对激酶
ALK的抗非小细胞肺癌靶向药物奠定了坚实基础。
         
关键词：ALK；激酶抑制剂；非小细胞肺癌
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Abstract
         
         
Lung cancer is a leading cause of cancer mortality, accounting for approximately
1.4 million worldwide deaths each year. The non-small cell lung cancer (NSCLC)
comprises about 85% of this disease. The chimeric protein of ALK and EML4, is
prevalent in NSCLC, which constitutively activates downstream signals and leads
to tumorigenesis. Currently, Crizotinib and Ceritinib, two small molecular inhibitors
targeting EML4-ALK have been approved by US FDA for their clinical use in
NSCLC. However, despite a high response rate of 60% in EML4-ALK positive
NSCLC using Crizotinib, most patients relapse due to the emergence of drug
resistence including point mutations in the kinase catalytic of ALK and activation
of bypass signaling tracts. Therefore, the development of potent and selective
small molecule ALK inhibitors as new targeted therapeutics for combating NSCLC
is urgently needed.
In this thesis, we have been focus on the discovery and characterization of new
ALK inhibitors as targeted drug for NSCLC. The key results are summarized as
below:
(1) We firstly constructed a panel of TK-Ba/F3 stable cell lines by retroviral
transfection of recombinant pBABE-puro-TK plasmids. MTS assay was used to
evaluate the cytotoxicity of a focus compound library (~300 compounds) targeted
ALK. ZZJ-01-145 was identified as a novel and potent ALK inhibitor with the
antiproliferative IC50 values 11.68 nmol/L and 221.3 nmol/L against EML4-ALK-
Ba/F3 and NPM-ALK-Ba/F3, respectively. In the biochemical assay of ALK, ZZJ-
01-145 exhibited an IC50 of 1.5 nmol/L. The kinase selectivity of ZZJ-01-145 was
determined by KINOMEscan methodology which profiled the inhibitor at a
concentration of 1 μmol/L against a panel of 468 diverse kinases including mutant
forms using an in vitro ATP-site competition binding assay. ZZJ-01-145 exhibited
a selectivity score with S(10) of 0.01, representing an exceptional kinase
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selectivity. Moreover, ZZJ-01-145 also show potent activities against several
Crizotinib-resistant ALK mutations including L1196M, C1156Y, F1174L, and
R1275Q. Immunoblot and flow cytometry assays were performed to investigate
the molecular mechanism of ZZJ-01-145, which revealed that ZZJ-01-145
inhibited cell proliferation and induced apoptosis through blocking ALK signaling
pathway.
(2) Similar to transformed TK-Ba/F3 cells, ZZJ-01-145 showed high sensitivity to
ALK positive cancer cell lines such as H3122 and Kapass-299, but no effect on
survival of ALK negative cancer cell lines such as A549, suggesting the high
selectivity of ZZJ-01-145 for ALK.
(3) The in vivo efficacy of ZZJ-01-145 was evaluated in xenograft mouse model.
ZZJ-10-145 exhibited significant inhibition of tumor growth measured by the
%(tumor growth inhibition). The values of %(tumor growth inhibition) were 107.36,
110.19, and 103.21 in the models of EML4-ALK-Ba/F3, EML4-ALK L1196M-
Ba/F3 and H3122, respectively. Subsequent immunohistochemistry, immunoblot
and flow cytometry assays revealed that ZZJ-01-145 inhibited tumor growth
through blocking ALK and its downstream pathways and inducing apoptosis.
(4) Detailed molecular mechanism study revealed that ZZJ-01-145 induced
apoptosis in NSCLC cells H3122 by blocking phosphorylation of AKT and ERK1/2
but not STAT3. Inhibition of AKT and ERK1/2 pathways, negatively regulated pro-
apoptotic proteins Bad and Bim, leaded to caspase-dependent mitochondrial
apoptosis.
In summary, we have discovered and characterized a novel, potent and selective
ALK inhibitor, ZZJ-01-145; investigated the inhibitory activity of ZZJ-01-145
against ALK kinase both in vitro and in vivo; explored molecular mechanism of
cell growth inhibition in ALK positive cell lines. These results suggested ZZJ-1-
145 would be a good lead for developing new ALK-targeted therapeutic for
NSCLC.
         
Keywords: ALK; small molecular kinase inhibitor; non-small cell lung cancer
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